Hydra detachment is required during locomotion, our measurements on the one 21 hand suggest the magnitude of forces the animal must exert to detach itself.
Introduction
attached is important for Hydra, the ability to detach and move is equally In order to estimate the forces exerted by flow, we needed to morphologically 99 characterise the Hydra we used in the study. Two species were chosen due to the 100 differences in sizes and availability, namely H. vulgaris and H. magnipapillata.
101
While qualitatively in a dissection microscope H. vulgaris was seen to be shorter experiments, to ensure that the force experienced is due to laminar flows alone.
126
In order to independently confirm the consistency of this data, we also esti-127 mated the Reynolds number for each as a function of flow rate (Q) using:
where, Re is Reynolds Number, ρ (kg · m 
134
In order to relate the onset of turbulence with the distance from the pipe by:
We substitute known values into this Equation 3 and estimate c 1 to be 1. validates our approach from first principles.
146
In addition, the onset of turbulence over the entire range of flow rates remains 147 x≥ 1 cm. Thus, we confirm that the force experienced by objects at a distance 
Drag force experienced by Hydra

151
In order to estimate the force at which Hydra detaches from the substrate, we 152 need to relate the volume flow rate with force. To this end, the drag-force (F drag )
153
exerted by the fluid flow on Hydra was estimated from the drag-equation:
where C d is the drag coefficient, ρ is the density of the fluid, V is the velocity follows:
where a f is the cross-sectional area of the flow. On substituting V (Equation 159 5) in the expression for drag force (Equation 4) gives us:
.
161
Thus the detachment force of Hydra can be calculated using Equation 6. The conditions.
170
The calculated estimates of force with increasing flow rate was fit to a func-171 tion of the form:
where Q is the volume flow rate (cm 3 /s) and c 2 is a constant to compare the fed samples (Figure 3(a) ). H. magnipapillata detachment was only recorded in a 189 few cases, since in most of the cases, as they did not detach within the maximal 190 limit of ≤ 60 ml/min of the instrument (Figure 3(a) ). (Figure 3(a) (Figure 3(b) ) and the mechanics involved.
257
The force required to detach Hydra is two orders of magnitude smaller than means that the detachment stresses do not need to be as high as those observed 262 in Mytilus mussels, typically found attached to inter-tidal rocks subject to con- others, it is reasonable to assume this weaker adhesion of Hydra is an adaptation 265 to the forces generated by currents it usually experiences in it's natural habitat 266 and for the mode of motility that it adopts.
267
The measurement setup, while simple, provides useful initial answers to a 
Flow chamber and detaching Hydra
305
A syringe pump (PhD Ultra, Harvard Apparatus, USA) with a 20 ml plastic 306 syringe (BD Biosciences, India) was connected to polycarbonate tubing of inner experiments typically involved increasing the flow rate from 10 ml/min with 313 increments of ∼ 2 ml/min until the animal detached due to the force generated. Figure 3: Detachment shear stress: (a) The mean shear stress (± S.E.) of detachment for H. vulgaris and H. magnipapillata under fed and unfed conditions for individual hydra attached to glass (stiffness 7.29 · 10 7 kPa). H. vulgaris detachment was also tested on a 5% polyacrylamide gel (stiffness ∼ 8 kPa). The mean shear stress was compared using a pairwise, two-sided t-test with α = 0.05 (**). (b) The schematic depicts the role of active detachment of the base from the substrate during 'somersaulting' movement by Hydra. The detachment shear stress measurements presented here could suggest the amount of force required to be generated by active contraction of Hydra.
